The forces representing resistance of a host to infection may be grouped into factors limiting multiplication of the parasite and those actually destroying the invader. If the former is the sole mechanism taking place, or is associated with only minimal destruction of the parasite, a precarious balance or symbiosis will prevail. Granulomatous processes such as tuberculosis and coccidioidomycosis are good examples of this.
Healing, however, requires destruction of the invading microorganism.
The destruction of tubercle bacilli by the host as related to host resistance has been studied by bacteriological methods. The latter are predicated on the presumption that the number of colonies obtained indicate the number of live bacilli present in tissues (Lurie, 1928; Pierce and Dubos, 1954 a high percentage of N"5. Since tubercle bacilli are almost exclusively dependent upon their culture medium for their nitrogen supply (Youmans and Youmans, 1954) , their uptake of the nitrogen isotope should be proportional to that present in the medium. Demonstration that the breakdown of the labeled substances occurred to an extent and at a rate sufficient to yield a favorable enough ratio of excess N15 in body fluids and organ extracts was undertaken as the primary step.
The possibility was considered that the appearance of isotopic nitrogen in the host might represent an exchange of free amino acids from the organisms and would not actually require destruction of the bacilli themselves. Gale's (1947) investigation on gram positive organisms suggested that free amino acids may be present within their cellular environment, and that nitrogen could be transferred from them without indicating true catabolism. The estimation of free amino acids in tubercle bacilli was, therefore, undertaken.
A second source of error may arise from the tubercle bacillus' own metabolism. Bernheim et al. (1953) reported that tubercle bacilli BCG 8420, under certain conditions, discharge ammonia into the culture medium. Experiments to test this point with tubercle bacilli suspended in mouse plasma or saline were carried out. Another group of control experiments was set up to determine whether any disintegration of tubercle bacilli occurs under the mild conditions under which the organs were extracted, and whether the 0.1 g; FeSO4 7H20, 0.01 g; MgSO4 7H20, 0.05 g; CaCl2.2H20, 0.005 g; ZnSO4.7H20, 0.005 g; CuSO4*5H20, 0.005 g; Na lactate, 0.1 g; Na pyruvate, 0.1 g; biotin, 0.1 mg; pyridoxine .HCl, 1 mg; water, 1,000 ml; pH 6.6 to 6.7.
Ammonium nitrate containing 60 atom per cent excess N"1H4 concentration was obtained from the Eastman Kodak Company and converted to ammonium chloride. For better growth, small amounts of mycobactin and of amino acids were added to the culture medium. Crude mycobactin was extracted as recommended by Francis et al. (1953) The mouse was chosen as the experimental animal. Suitable susceptible and resistant strains were available, and the mouse's metabolism has been extensively studied by Dewar and Newton (1948) . The susceptibility of strain C57 Black has been reported by Pierce et al. (1947) . Adult male animals of 20 to 26 g weight were used. All inoculations were made intraperitoneally with suspensions containing 10 mg of bacilli per ml of phosphate buffered saline.
The animal under study was kept in an allglass metabolism cage, as described by Roth et al. (1948) . Air introduced into the cage was led through diluted sulfuric acid to remove ammonia, and dried. Ammonia of the air leaving the cage was trapped in 1 N sulfuric acid. Mice were fed fox pellets (Purina), and water ad lib.
After death or sacrifice, the animal was dissected and the organs weighed. When the organ was fractionated, a large aliquot was ground, after addition of buffered 0.14 M saline, for 3 min under cooling in a micro attachment to a Waring blendor. The saline extract was centrifuged at 10,000 rpm to remove tubercle bacilli possibly present therein. The proteins were precipitated with 5 per cent trichloracetic acid. The supernatant represented the nonprotein nitrogen (NPN) fraction. The nucleoproteins were extracted from the residue of the ground tissue with 1 M saline, the extract centrifuged as above, and then treated with hot 5 per cent trichloracetic acid to obtain the nucleic acid fraction, as recommended by Schneider (1945) . Both sediments represented the "soluble proteins." Extracts prepared in this manner from mice inoculated with nonlabeled human tubercle bacilli were injected into guinea pigs to test for the presence of tuberele bacilli. None of the guinea pigs developed tuberculosis, indicating that the NPN, soluble protein, and nucleic acid fractions (after centrifugation) did not contain any viable tubercle bacilli. Aliquots of the sedimented "soluble proteins" were transferred to slides and searched carefully for acid-fast organisms after staining by the ZiehlNeelsen technique. None was observed.
When mice were sacrificed, heparinized blood was collected and also separated into protein and NPN fractions. Extraction of proteins from skin is notoriously difficult and was attempted by the above method only on mouse No. 13. Advantage was taken of the procedure described recently by Ungar and Damgaard (1954) to obtain a better yield of soluble material.
Urine was sedimented at 10,000 rpm to remove any tubercle bacilli possibly excreted and the supernatant was digested.
Tuberele bacilli ground in the micro Waring blendor for 3 min did not give off nitrogenous products into the suspending saline.
Extracts and aliquots were digested with concentrated sulfuric acid with Na2SeO4-CuS04 as catalyst. Saline, sulfuric acid, and catalyst kept for similar periods in the digestion rack served as blanks. Nitrogen was determined by the KirkPregl micro-Kjeldahl method (Kirk, 1936) . N" determinations were made on the nitrogen gas obtained by alkaline hypobromide oxidation of the ammonium ion from the micro-Kjeldahl procedure. The instrument used was a consolidated Nier 21-201 mass spectrometer. Values above 0.010 atom per cent excess N'5 were considered significant for quantitative evaluation. Atom per cent excess figures are referred to reagent ammonium chloride and not to tank nitrogen (Abbott et al., 1953) .
CONTROL EXPERIMENTS
Estimation offree amino acids within the cellular environment. The procedure was similar to the one employed by Gale (1947) . Speck's (1949) method was used for a-amino acid nitrogen determination. In this procedure the bacilli, after removal of amino acids adsorbed on the cell wall, are either boiled in water for 1 hr or shaken in 1 per cent phenol. The former method was used and the a-amino nitrogen in the suspending medium measured.
Mutual effect of labeled tubercle bacilli and mouse plasma. Under sterile conditions 1 ml mouse plasma was incubated with 0.5 mg labeled washed tubercle bacilli for 4 days, with slight, constant shaking. The following variants were set up: (1) plasma with live tubercle bacilli; (2) plasma with heat-killed tubercle bacilli; (3) suspension of heat-killed tubercle bacilli plus saline; (4) suspension of live tubercle bacilli plus saline. Bacteriological controls were done at the termination of the experiment and contaminated reaction mixtures were discarded. 
RESULTS
The first experiment was set up to determine the recoverability of N"5 and to obtain preliminary data on the extent of labeling of host tissues and excretory products. In this instance, the organs of the mouse were digested in toto without fractionation. strated in the soluble proteins of liver, kidney, and gastrointestinal tract, while the amount of NPN N15 was greatest in the skin. It is also noteworthy that even the nucleic acid fractions contained a small amount of excess N15. Mouse No. 23, which had received live BCG, unfortunately developed anuria soon after inoculation, probably as a consequence of the very severe peritonitis. For this reason, a meaningful urinary excretion figure could not be obtained. However, substantial amounts of nitrogen derived from bacilli were found in the soluble proteins of liver, kidney, and, particularly, the gastrointestinal tract. Again, the NPN fraction of the skin contained a higher amount of N15 than did the corresponding fractions of other organs.
Results of control experiments. After 1 hr of boiling in water, BCG 8420 revealed 26.58 ,ug of free a-amino nitrogen and bovine TB 4228-3, 25.45 ,ug per 10 mg bacilli.
The reaction mixtures where tubercle bacilli and mouse plasma were incubated (table 4) contained appreciable quantities of N'5, suggesting a significant cleavage of bacillary components by plasma enzymes. The bacillary metabolism evidently had little effect on this process, as indicated by the close correspondefice of the N15 data obtained with heat-killed and live TB bacilli. first. The possibility of nitrogenous material being removed from presumably intact tubercle bacilli was investigated, first by estimating the total amount of free amino acids within the cellular environment (Gale, 1947) that could be available for transfer, in the absence of enzymatic breakdown of bacillary proteins. The presence of such amino acids in tubercle bacilli has been reported, on the basis of qualitative determinations, by Pauletta and Defranceschi (1952) . The quantity of free amino nitrogen found in these experiments must be considered, however, in light of the rigorous extraction procedure to which the bacilli were subjected. Even if it were available for transamination in its entirety in the instance where heat-killed bacilli were inoculated, the amount of bacillary nitrogen split from the microorganisms was 10 times greater (table 2) than the nitrogen possibly contributed by free amino acids.
Although it could be expected that the microorganisms would exhibit an exchange of their cellular nitrogen for that of the medium in which they are living, this exchange appears to be slow compared with the destruction of cells by the host. This is evidenced both by the close correspondence of data obtained with heat-killed and live tuberele bacilli when incubated with plasma ( Anderson's (1943) Griffin et al. (1952) .
Excretion of another isotope, p32, by guinea pigs after inoculation of labeled tubercle bacilli has been reported by Strom and Rudback (1949) .
Urinary excretion of p32 was about 0.5 per cent of the total inoculum during 54 hr in normal animals and 3.1 per cent during 24 hr in immunized guinea pigs. The small amount of phosphorus split off is surprising in view of the demonstrated ease by which it is removed from tubercle phosphatide by enzymatic action in vitro (Gerstl and Tennant, 1941) . Strom and Rudback's observations may be explained by assuming incorporation of the bacillary phosphorus into the host's tissue, or difference in enzyme kinetics between mouse and guinea pigs, as reported earlier (Gerstl and Tennant, 1942) .
The quest for evidence of cleavage of nitrogenous material from live pathogenic tubercle bacilli by a susceptible host was the most interesting aspect of these studies. The data in table 3 (mouse No. 23) reveal that more than 118 ug (or 20 per cent) of the bacillary nitrogenous material had been removed from the injected live pathogenic bacilli within 4 days, and this, notwith-standing-the overwhelming peritonitis caused by the inoculation of an enormous dose of bacilli.
Although the number of animals employed in this study was small, the complexities of obtaining information on host resistance by the biochemical approach could be resolved. Formidable forces of the host in its fight against the invader were revealed that may well constitute an important part of its resistance.
SUMMARY
Studies on the removal of nitrogen from virulent, avirulent, and attenuated strains of tubercle bacilli by the host (mouse) are reported.
The rapid and substantial cleavage of bacillary nitrogen and its urinary excretion indicate active destruction of bacillary cells by the host. Control experiments revealing a slow rate of nitrogen separation by plasma and a minimal amount of nitrogen leaching from bacilli suspended in inorganic media support this interpretation.
Bacillary nitrogen appearing in the nucleic acid fractions of the mouse is considerable and, once incorporated, is more stable than that in the protein fractions.
Small amounts of free amino acids within the cellular environment of tubercle bacilli could be demonstrated.
